The aim of this study is to evaluate the effect of gender and age on outcome following coronary surgery in several hospitals enrolled in a national quality assessment program. Patients undergoing isolated coronary artery bypass graft (CABG) during [2003][2004][2005] in Italy were included in the study (ns74,577). The outcome measure was 30-day in-hospital mortality. Comorbidities recorded during previous and current hospitalizations were used to define patients' health status and to build the adjustment model. The interaction term (gender*hospital) was introduced into the model to test the effect modification of gender; if present, gender specific models were analyzed to test the effect modification of age. A significant effect modification by gender was found in 39 hospitals; the adjusted odds ratios (AdjORs) showed significant increased risk for females (AdjORs ranging from 3.7 to 21.6). In three of these hospitals a significant increased risk was found for older age (AdjORs for elderly patients ranging from 8.1 to 14.6). Two hospitals showed a significant excess risk for patients G75 years (AdjORss6.6 and 13.8). The technical aspects of surgery could account for the excess risk found in female patients; differences in the entire care process (intraoperative and postoperative management) could explain the variations in outcome among elderly patients.
Introduction
As observational studies lack randomization, 'risk adjustment' methods are usually applied to control for selection factors associated with the outcome and heterogeneously distributed between the categories of exposure under study w1, 2x. Usually, analyses consider age and gender as factors for standard risk adjustment procedures, restricting the ability to detect their possible role as effect modifiers. Such a generalized approach can lead to lack of validity of comparative measures, often hiding or highlighting differences that do not correspond to actual events. In fact, an effect modifier is a variable which modifies the relationship between the exposure and the outcome according to its categories.
Gender differences in mortality after coronary artery bypass graft (CABG) surgery remain controversial. Some observational studies show equivalent outcomes w3, 4x, whereas others report higher mortality in women compared ૾ This study was financed by the project 'Sviluppo e produzione degli indicatori di esito per SIVeAS' (Fasc. 8M41) and partly supported by the 'Studio sulle angioplastiche coronariche e del Registro Italiano per lo Stenting Carotideo' (Fasc. 533B).
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with men w5-7x. However, the weight of evidence indicates a higher short-term mortality rate in women w8x. In spite of the attempts to explain this gender mortality variation through differences in risk factor profiles w6x, adjustment for baseline differences do not remove this difference w4, 6, 7x and confirm that some anatomic characteristics involving technical aspects of surgery (i.e. smaller size of coronary arteries in women) could account for different results.
Elderly adults represent one of the most rapidly expanding segments of the population in western countries. Individuals aged 75 years or older represent 9.6% of total residents in Italy in 2008 whttp:yydemo.istat.itypop2008yindex.htmlx. Longer life expectancy and the achievement of satisfactory results of cardiac surgery has dramatically increased the number of patients referred for CABG. Previous observational studies showed that elderly patients undergoing CABG surgery are at higher risk for postoperative death, even when controlling for comorbidities w9-11x. This suggests that postoperative complications may account for the lower survival rate in elderly adults, rather than preoperative risk profiles w9, 11, 12x.
All the reporting data indicate a specific gender and age role in modulating effectiveness of some surgical procedures. The aim of this study is to test effect modifications by Downloaded from https://academic.oup.com/icvts/article-abstract/11/5/537/655724 by guest on 31 January 2019 35, 37.0, 37.1, 37.3, 37.4, 37.5, 37.6, 38.02, 38.5, 38.11, 38.12, 38.31, 38.32, 38.93 gender and age and verify whether the relative performance of each hospital, measured in terms of 30-day mortality after CABG, is the same considering the overall population or stratifying it by effect modifiers.
Materials and methods
National Hospital Discharge Records collected in Italy between 1st January 2001 and 30th September 2005 were used. All isolated CABG interventions (ICD-9-CM code 36.1) performed on adult patients resident in Italy were considered eligible.
A cohort of 74,577 events from 177 hospitals was enrolled. Hospitals whose patient volume was F250 interventions in the study period were aggregated in one group (89 hospitals, 2809 interventions).
In-hospital mortality within 30 days from CABG was considered as the adverse outcome. A record linkage procedure with a time window of 30 days subsequent to each intervention was used to detect death occurring in later admissions.
Potential confounders were chosen among coexisting medical conditions potentially associated with the outcome both identified in literature w6x and tested in the MattoniOutcome project whttp:yywww.nsis.ministerosalute.itymattoniypaginaInternaMenuMattoni.jsp?ids11&menusmattonix. Factors considered in this analysis were retrieved from the discharge diagnoses of both the index hospitalization and any other hospital admissions occurring within the previous 24 months as registered in the Health Information System ( Table 1) .
Starting from a conventional approach, age and gender and patients' comorbidities were included in a logistic model as potential confounding factors; stepwise procedure was used to identify independent associations with outcome. As some chronic comorbidities recorded in the index admission show a paradoxical protective effect w13x the same comorbidities, as recorded in previous admissions, were forced into the model also.
The selected model was then used to evaluate hospitaladjusted ORs. The group of four hospitals with the lowest adjusted ORs (3011 CABG interventions) was selected as the 'benchmark' to evaluate hospitals performance.
To test the possible effect modification of gender on hospital performance, an interaction term between gender and hospital was added to the previously built logistic model. Hospital-adjusted ORs stratified by gender were then estimated.
To test the possible effect modification of age on hospital performances, patients were classified into two groups:
-75 years and G75 years. The presence of effect modification by age was tested in two different ways. For hospitals showing a different performance by gender, the effect modification by age was tested for males and females, separately; in the others, the interaction term between age and hospital was tested in the overall population. In all the analyses, the P level for defining heterogeneities was considered statistically significant at P-0.10. All analyses were performed using the statistical packages SAS 9 and STATA 8.
Results
In the 88 hospitals included in this analysis, 74,577 patients were identified (21.1% females and 78.9% males). Among all patients, 21.4% were aged 75 years and over. As expected, elderly patients was significantly higher among females (33.0%) than males (18.3%). Distribution of comorbidities in previous and current admissions by gender and age are reported in Table 2 .
Variables considered in the final adjustment model, are reported in Table 3 . Among comorbidities registered in the previous admission, chronic cerebrovascular diseases, heart failure, and chronic kidney diseases presented the greatest adjusted odds ratios (AdjORs) (1.32, 1.36, 1.71, respectively; P-0.001). Among comorbidities registered in the curDownloaded from https://academic.oup.com/icvts/article-abstract/11/5/537/655724 by guest on 31 January 2019 The model built to estimate gender-specific risk-adjusted ORs for each center was analyzed by the interaction term 'gender*hospital' which showed a statistically significant effect on outcome (LR test: x s189.3, dfs85; P-0.001).
2 Table 4 identifies centers showing a statistically significant (P-0.10) interaction term 'gender*hospital'. In these centers, the risk-adjusted ORs were calculated for males and females, separately. The hospitals have been classified into three categories.
Category A includes only one hospital; the study of genderspecific adjusted ORs showed a significant mortality excess among females (ORs4.92; P-0.05).
Category B includes four hospitals; the overall adjusted ORs showed significant mortality excess as compared with the benchmark (ORs ranging from 2.44 to 3.80) but a significant excess mortality could be detected only among females (ORs ranging from 3.96 to 8.72).
Category C includes 34 hospitals; a significant mortality excess for both genders was identified; however, the gender-specific ORs showed higher mortality risks in females than in males.
In the 39 identified centers, the presence of effect modification by age was tested for males and females separately. Concerning the female population, no significant effect modification by age was detected. On the contrary, in the male population the study of age-specific adjusted ORs showed they were heterogeneous in three hospitals (Table 5 ). In hospital '28' and '25' a significant mortality excess was found only among elderly patients (OR, respectively, 14.58 and 8.07, P-0.001), in hospital '32' significant mortality excess was detected in both age groups.
Finally, for hospitals where a significant effect modification by gender was not detected, heterogeneity in performance by age was tested on the overall population, considering gender as a confounding factor. Table 6 lists the two centers with a significant interaction term 'age*hospital' Using a standard analysis, center '40' should be considered comparable to the reference group. On the contrary, the study of age-specific adjusted ORs shows a significant mortality excess among patients aged G75 years (OR 6.58, P-0.001).
Hospital '41' had worse results than the reference group both in the overall population and in the age-specific groups, but the adjusted OR in the elderly group (OR 13.58, P-0.001) was approximately six times higher than adjusted OR in the youngest (OR 2.56, P-0.001).
Discussion
In this study we evaluated the possible effect modification of age and gender on 30-day mortality after CABG in Italian hospitals. It confirms that the analysis performed on the entire study population does not adequately describe Italian hospital performances.
In particular, among the 84 Italian hospitals evaluated against the reference group, five hospitals show a 30-day in-hospital mortality excess after a CABG intervention only for females, but one of them would not have been detected in the overall adjusted analysis. On the contrary, 34 hospitals described as significantly worse than the reference in the overall analysis show a significant excess of mortality for both genders, but the estimated ORs are different between males and females and the gender-specific adjusted ORs are always higher for females than for males. As ORs were adjusted by recognized risk factors, the hypothesis that only the highest risk females undergo surgical procedures w6, 7x cannot be supported. Moreover, in the male population treated in hospitals where an effect modification by gender was detected, an additional strong effect modification of age was detected as well. Because of this phenomenon, three hospitals described as significantly worse than the reference in terms of male outcomes show a significant excess of mortality only for elderly patients, but one of them would not have been detected in the overall adjusted analysis. Several previous studies support these results w8x.
The highest in-hospital mortality of females is frequently explained by gender physiological differences related to technical issues in surgery. The smaller size of coronary arteries in women as compared with men has been often indicated as potentially increasing perioperative and postoperative complications in women w14x. Actually, the influence of vessel size on gender differential mortality after CABG surgery remains controversial. Two studies used the body size as an indicator of vessel size w5, 14x. One w5x found that gender differential mortality persists after adjustment for measures of body size, while another study w14x showed that, both in men and women small body size does not increase the risk of operative mortality. Regarding the age influence on CABG postoperative outcome, scientific evidence is weaker. Studies by age are heterogeneous and often focus on specific procedures and techniques or on quality of life after surgery rather than on postoperative mortality. Johnson et al. w10x showed that, compared with younger patients, octogenarians undergoing cardiac surgery have higher mortality rates, even after controlling for 16 potential confounding variables. On the contrary, Barnett et al. w12x compared postoperative death between octogenarians and others and did not find any statistically significant differences in their adjusted ORs. However, significant differences were found for postoperative complications.
Generally speaking, the excess mortality risk found in the aged population could be related to the entire care process rather than specific surgical issues. Several studies demonstrate that postoperative complications represent a stronger risk factor for hospital death than preoperative comorbidities and procedural variables w9, 12x. In fact, elderly patients do not recover as well as younger patients from complications. Thus, as any postoperative complication tends to dramatically reduce elderly survival rate, these patients will do well only if the operation is meticulously performed and any kind of complication is avoided w9, 11, 12x.
All information used in this analysis is from discharge records collected by the National Health Information System. Although administrative data are becoming a common tool for the evaluation of health services w15x, their limitations in completeness and reliability of diagnoses relevant for the analysis must be recognized. Despite these limitations, past experiences support the accuracy and precision of both the CABG surgery coding and the acute pathologies discovered in previous admissions w2, 15x. Moreover, it cannot be definitively excluded that some of the heteroDownloaded from https://academic.oup.com/icvts/article-abstract/11/5/537/655724 by guest on 31 January 2019 geneity of mortality observed in this study is actually caused by some unmeasured confounders (i.e. left ventricular dysfunction and emergency conditions), known to affect mortality after CABG interventions but not recorded in the Italian administrative database.
In conclusion, in spite of potential weaknesses, our analysis confirms that effect modification must be considered as a possible occurrence in the study population. In observational outcome studies, when effect modification occurs, hospital comparisons must be stratified by the corresponding variables. This choice is methodologically correct and allows description of actual outcomes while highlighting some hidden hospital problems.
